Exhibit A 



i/) CDMA Systems 

LU 

5 Engineering 

LU 

w Handbook 




u 



HI 

J 
m 
0 

J hong Sam le e 
Leonard E. Miller 



Artech House Publishers 



i 

i 

{ 



CDMA Systems 
Engineering Handbook 



Jhong Sam Lee 
Leonard E. Miller 



» Communications Library, 



Artech House 
Boston • London 



Library of Gongs-ess Cataloging-in-Publkation Data 
Lee, Jhong S. 

CDMA systems engineering handbook /Jhong S. Lee, Leonard E. Miller. 

p. cm. — (Artech House mobile communications library) 
Includes bibliographical references and index. 
ISBN 0-89006-990-5 (alk. paper) 

1 . Code division multiple access. 2. Mobile communication systems. 
I. Miller, Leonard E. II. Tide. III. Series. 
TK5103.45.L44 1998 

621.382— <lc21 98-33846 

CIP 



British library Cataloguing in Publication Data 
Lee, Jhong S. 

CDMA systems engineering handbook. — (Artech House mobile communications 
library) 

1. Code division multiple access — Handbooks, manuals, etc. 

I. Tide II. Miller, Leonard E. 

621.3'84'56 

ISBN 0-89006-990-5 

Cover design by Lynda Fishbourne 



© 1998 J. S. Lee Associates, Inc. 

All rights reserved. Printed and bound in the United States of America. No part of this 
book may be reproduced or utilized in any form or by any means, electronic or me- 
chanical, including photocopying, recording, or by any information storage and re- 
trieval system, without permission in writing from the publisher. 

All terms mentioned in this book that are known to be trademarks or service marks 
have been appropriately capitalized. Artech House cannot attest to the accuracy of this 
information. Use of a term in this book should not be regarded as affecting the validity 
of any trademark or service mark. 

International Standard Book Number: 0-89006-990-5 
Library of Congress Catalog Card Number: 98-33846 



109876543 



— CDMA Systems Engweefins Handbook 

11.5 NX-™**, of Fon*,rt Itek Dynamic Power Allocation 

of high Lr copaaT^ Zl ™P^»»« ^ the achievement 

ehanneh in the toe nation * ^""^ fadmdnal 

that the power for Walsh channel j is of theform ( } ' We noted 

?> = (PG)~ for WaMl channel > (1 1.43a) 



where u was given in (11.24e) to be 



(11.43b) 

N m L T (R) 



d i-\f^G)j, Walsh channel i ( 1U3c ) 



(11.43d) 



ower Allocation 



link of the IS-95 CDMA 
tance for the achievement 
mdard IS-95 states [1] that 
mtrol for traffic channels, 
not be employed. When 
periodically reports frame 
cion may use the reported 
vtr of the forward traffic 
or controlling all forward 
iplementcd for individual 

il power allocation of the 
•) to (H.24d). We noted 



(11.43a) 



(11.43b) 



' the Walsh channels by 



™ s is mMt casily ilXZ^kLCI ' *»er e„, gain. 

° " P^anieter values as shown in Table 11.5: 



di £ V^}7(PG^ = V^316/T 



= 0,1778 for the pilot channel 
- 0.0624 for the sync channel 
= 0.1247 for each paging channel 
= 0.1979 for each traffic channel 
where we assumed zero margin for simplicity = (11<43e) 
. „ ™ e ** nm f Fi f re U.25 shows how different gains for the Walsh 
channels achieves the objective of causing the channel! to have fct 
relative powers To achieve the desired transmitter output power There needs 
amplifier. Thus, here are the relative gains that are different for each 
waTand T ^ 18 3 COmm ° n gaiD that ■**» ■» the ^annels in he same 
COrrCCt ° f ° UtpUt P °™ » be ^veredtoX 6 

Let Rom be the output load seen by the power amplifier, and let the 
power output for a particular Walsh channel be denoted P The amounrTf 
common voltage gain that is needed is r * ° f 



m elj (11.43c) 
imon gain that affects all 

rf) (H.43d) 



Parameter 

Pilot (Ey^o)^ 


Value 

-15dB 


Parameter 

Keceiver noise power 


Value 

-105 dBm 


bync (fib/ATo)^ 


6dB 


Base xmission losses 


2dB 


Paging (E b /JVo) rea 


6dB 


Mobile reception losses 


3dB 


Traffic (Eb/jVo),,,, 


7dB 


Voice activity factor 


0.4 


Base antenna gain 


14.1 dBi 


Power control factor 


0.5 


Mobile antenna gain 


2.1 dBi 


Interference factor 


2.778 



Common voltage gain = ^/JJ, = Paired channel output amp litude 

Relative channel amphtudelT^ - ( n - 44a ) 

. Amplitude = V^wer x Load (1L44b) 

and the desired channel output amplitude is 

| ^.^77^=^ tli44c) 

I where P/ = I Pj and P Q = jj p, are the I-channel and Q-channel output 

| powers and R out » tb e Ioad m ohms ^ ^ 

c logic may correspond to ± 3 volts IV - i\ a. • f 

.8 

I Output power gain = u 4 P J 

! ' vyR^ t (11.44d) 

In terms of the detailed parameters, the output power gain is given by 
1 M== r7V TO L r i 

1 T iV m L • ^ ■ Lrm/ G c G m (V 2 /R < ,„,) 

l - r M«- + flB + ^ S + ^ fg) (1L44e) 



For N p and M varying, for V*/^ = (3)^/50 = 0.18 W - 180mW . f 
the normnal system parameters presented previously: " ' ^ ** 



r - 10(-10.5+L(dB)/10+.2+.3-J.41-.21) y^jj 



_ 10 (L{dB)-13g^dBy 2 0 



2.778 r(0.0355 + 0."bl567ivPo^0881M) 
(11.44f) 

channel,, « T ""O™'' ° f ° f 18 ^afch 

. Pilot signal ,™h voltage gain 0.1778 and Walsh faction ttfi 
• Sync channel with voltage gain 0.0624 and Walsh faction H^j- 

facioJn" Z&JT** cia °°* ^ volK8e **» a ™ •>* W 



= 0.18W = 
usly: 



180 mW, and for 



-• 2 Vl80 



4-0.5- M- 0.45 -0.0 



5 + 0.01567iV p + 0.00881M) 
(11.44f) 

Recall from the orthogonal 
es 5.5 and 5.6 that the Walsh 
iaks due to the agreement of 
i chip positions. To continue 
waveforms obtained from the 
annels, and from observations 
ats for CDMA infrastructure 
given in (11.43e) are used to 
prised of the sum of 18 Walsh 

1 Walsh function Ho 7 ; 

nd Walsh function H32; 

Cage gains 0.1247 and Walsh 

it the edge, with voltage gains 

at distances requiring half the 
5 gains 0.1979/^2 = 0.14 and 

is at distances requiring one- 
rith voltage gains 0.1979/2 = 



sh functions, indexed as in IS-95. 



In addition, for each pair of paging and traffic channels, we assume that one 

1 (logic 1). Figure 11.26 shows the superposition of these weighted Walsh 
channels prior to combining with I- and Q-channel PN codes, FIR filtering, 
and modulation by sinusoidal carriers for forward link transmission In 
annexation of comparing this figure with the results of FIR filtering, a six- 
K £ d ™ 7 1S ™ 1 ^ ™ ^uded in Figures 1.50 and 1.53 to simulate the 
IS-95 FIR filter delay. Recall that the first chip in each 64-chip Walsh 
sequence has the same value. Therefore, since the pairs of paging and traffic 
channels cancel when their Walsh function values agree, the first (delayed) 
Walsh chip value is the sum of pilot and sync channel amplitudes, so that the 
first (delayed) value is 0.1778 + 0.0624 = 0.2402. Thereafter, the total 
amplitude of the signal depends on the particular combination of Walsh 
funcuon agreements and disagreements. If all the data-modulated Walsh chips 
had the same sign for some chip time, the total amplitude would equal 
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Figure 1 1.26 Simulated Walsh-multiplexed combination of pilot sync, paging, and traffic 
channels with different voltage gains. 
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the sum of the gains of all the simulated channels, or ± 2.2374; we see from 
Figure 11.26 that the total amplitude for the particular Walsh functions that 
are used m this example varies between -1.85 and +1.75, and the amplitude 
waveform, in addition to having a period of 64 chips, is quite "peaky." 

After the waveform of Figure 11.26 is separately combined with I- and 
Q-channel PN codes, and then is filtered and used to modulate cosine and sine 
carriers, the resulting envelope is the waveform shown in Figure 11.27. Note 
that the envelope waveform is characterized by relatively large peaks that 
occur periodically if the channel input data are held constant, as in this 
simulation. There are two practical implications of this characteristic 
behavior of the IS-95 forward link waveform. First, the forward link trans- 
nutter's power amplifier must have very good linearity in order to deliver the 
Walsh-multiplexed waveform without significant distortion. Second, it is 
obvious that the testing of such amplifiers using a channel simulator cannot 
be performed using bandlimited noise, even though the signal spectrum 
resembles that of bandlimited noise, because the envelope of the actual IS-95 
time waveform does not resemble that of a noise waveform but has distinctive 
pulse-like features with a significantly large dynamic range. 
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Figure 1 1.27 Envelope of simulated IS-95 signal. 



Is, or ± 2.2374; we see from 
rticular Walsh functions that 
nd +1.75, and the amplitude 
lips, is quite "peaky." 
arately combined with I- and 
i to modulate cosine and sine 
ihown in Figure 11.27. Note 
y relatively large peaks that 
re held constant, as in this 
itions of this characteristic 
7 irst, the forward link trans- 
learity in order to deliver the 
it distortion. Second, it is 
; a channel simulator cannot 
hough the signal spectrum 
envelope of the actual IS-95 
waveform but has distinctive 
aic range. 




total Ward link power iwJrfL I 18 based 011 modeling the 

control factor, to LZ^^S^^ ^ ^ 
power needed to transmit to a mob! u ^ m terms ° f the 

alternative solution can be bid T * edge of the <*H. An 

traffic power instead of ^at e We u'/ ° f ^ -tual total 



Ptoul => P pfl + P sync + + p u < p m; 




\M),T 



(11.45a) 
(11.45b) 
(11.45c) 
(11.45d) 



ft 1.46a) 




(11.46b) 



(11.46c) 



In this solution, the SNR requirements with margin U ., v ' d , s 
be used in place of the recWn^o, u pd ,ync ' *W ma y 

Won iJ^t reS toTSn^^STT- ■***■*•*«»- 
*™m«i that the forward Si ™ . t """ ! , d, »°™ 1 P»™-, since i, i, 
however, we c calomel X, oTSficT "^"^ 11 

forward .raffle power ^k^^^****** 

° f <»^)^A-^(PGU respeeXeTv U " ' 

recei^forwTrntil^ 8 ' *- *- 

powers nsfo, ^^t'^C^rSfT^ 
resuJuo^rhepnorch^el power soludon (for e^p le ) ^n ^ 



P p a = [ ^■ f ofa)lr + lW'J 0 , :1 



(11.47) 
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